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Increased  projectile  muzzle  velocity  and  extended  range  can  be 
achieved  with  a given  gun  system  through  the  uBe  of  a sub-caliber  pro- 
jectile with  a discarding  sabot.  This  improvement  occurs  because  the 
bore  area  on  which  the  gun  pressure  acts  may  be  greatly  increased  with 
only  a relatively  modest  increase  in  total  projectile  weight,  and  the 
small  diameter  flight  body  has  less  aerodynamic  drag.  Obviously,  to 
obtain  the  optimum  performance  improvement,  the  sabot  masstoust  be  kept 
as  low  as  possible  within  the  constraints  set  by  the  structural  require- 
ments of  the  sabots. 


Foremost  of  these  requirements  is  that  the  sabot  must  ensure 
the  in-bore  operation  of  the  projectile,  i.e.,  it  must  be  able  to 
seal  the  gun  tube  against  the  hot  propellant  gas.  Then,  especially 
for  long  rod  kinetic  energy  penetrators,  the  sabot  must  provide 
enough  support  to  prevent  the  subprojectile  from  being  permanently 
deformed  in  an  undesirable  manner  during  in-bore  travel.  Also,  the 
sabot  muBt  constrain  the  subprojectile  during  in-bore  travel  and 
then  discard  in  such  a manner  as  to  impart  small  initial  yaw  and 
yaw  rate  to  the  subprojectile  during  launch.  These  parameters  are 
related  to  target  dispersion  and  should  be  reduced  as  much  as 
possible.  Finally,  the  Babot  will  generally  provide  the  means  for 
assembly  of  the  full  round.  Hence,  such  matters  as  fin  encroach- 
ment into  the  cartridge  case  and  location  of  crimping  grooves  so 
that  the  assembled  round  can  withstand  rough  handling  should  be 
considered. 

In  the  discussion  to  follow,  we  will  assume  that  the  pene- 
trator  diameter,  length,  and  material,  fins  and  nosecone  (in 
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short,  the  inflight  configuration)  ure  given.  Ln  addition,  the 

interior  ballistic  parameters  of  the  gun  system  are  known.  In  practice 
the  Bubot  designer  would  have  input  to  all  these  decisions.  However, 
these  Interactions  will  not  be  treated  so  that  some  basic  concepts  of 
sabot  design  may  be  the  primary  focus.  These  ideas  were  applied  during 
the  recent  Advanced  Technology  Tank  Gun  Initiative  (ATTGI)  Program 
which  culminated  in  the  December  1977  Trilateral  Tank  Gun  Trials.  At 
these  trials  the  U.  S.  Armor  Piercing  Fin  Stabilized  Discarding  Sabot 
(APFSDS)  Projectile  was  very  successful,  so  there  has  been  experimental 
verification  of  the  design  features  to  be  emphasized  in  the  following. 

The  first  concept  is  the  use  of  a ramp-back  sabot.  This  con- 
figuration has  had  an  extensive  development  at  the  Ballistic  Research 
Laboratories.  Both  the  Silver  Bullet  and  the  60mm  Anti-Armor  Auto- 
matic Cannon  (AAAC)  Technology  Programs  have  a long  conical  taper  aa 
the  aft  configuration  of  the  sabot.  One  reason  for  this  feature  is 
that  a sabot  is  composed  of  u number  of  segments  or  petals  around 
the  circumference,  rather  than  being  a single  piece.  Thus,  if  the 
aft  profile  of  the  sabot  Is  such  that  the  base  pressure  acts  ln  an  out- 
ward direction  over  any  portion  of  the  sabot  (as  due  to  undercutting  to 
remove  material),  the  result  la  an  opening  of  the  sabot  petals  and/or 
separation  from  the  subproject  lie.  Unless  an  additional  structural  seal 
is  added  to  this  conventional  rear  shape,  the  gas  pressure  seal  can  be 
lost  and  severe  blowby  occur.  This  Is  especially  true  when  a condition 
of  high  secondary  wear  is  present  in  the  gun  tube.  The  ramp-back  causes 
gas  pressure  on  its  surface  to  be  translated  into  compressive  hoop  and 
radial  stresses  in  the  sabot.  Thun  the  interfaces  between  sabot  petalB 
and  between  the  sabot  and  subprojectile  are  self-sealing. 

Moat  of  the  force  imparted  to  the  sabot  by  the  propelling  gas 
must  be  transmitted  to  the  subproj cctiie.  The  taper  profile  may  be 
tailored  so  that  the  shear  distribution  between  sabot  und  subprojectile 
is  nearly  uniform.  This  condition  allows  maximum  load  transfer  over  a 
given  length  of  interface. 

The  second  major  concept  is  that  of  a centered  rotating  band. 

The  conventional  design  methodology  for  discarding  sabot  projectiles 
locates  the  gas  seal  near  the  rearmost  portion  of  the  sabot.  This 
has  the  effect  of  placing  the  rotating  band  well  aft  of  the  center 
of  gravity  of  the  in-bore  projectile.  As  will  be  shown  later,  the 
result  is  an  inherently  unstable  configuration.  ln  order  to  avoid 
this  difficulty,  the  rotating  band  must  be  Located  so  that  the  center 
of  gravity  of  the  projectile  l.s  under  (t.  The  improved  stability  of 
this  configuration  substantially  reduces  the  magnitude  of  the  trans- 
verse moments  applied  to  the  projectile  by  its  yawing  motions.  The 
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smaller  restoring  moments  experienced  during  in-bore  operation  allow 

lighter  weight  eabota. 

Locating  the  rotating  bund  near  the  center  of  tbe  projectile 
required  a change  in  the  long  ramp-back  eabot  design  of  the  60mm  AAAC 
nrolectile.  The  reur  ramp  waB  shortened  by  ualng  u compound  t p • 

To  maintain  the  favorable  uniform  shear  load  transfer  which  is  possible 
und^  a taje  , a f ront  ramp  was  added  ahead  of  the  centered  rotating 
Sand!  This  configuration  Is  the  basis  of  the  BRL  Double-Ramp  Sabot. 

Calculation  of  Taper  Profile.  As  mentioned  previously,  one  of 
the  primary  reasons  for  adapting  a ramp-back  sabot  is  the  self 
nature  of  this  configuration.  The  propellant  gas  ‘’Plating  on  the 
tapered  surfaces  creates  very  high  compressive  hoop  ™dial 

ThSse  stresses  are  higher  than  the  gas  pressure,  so  there  ie  no  ten 
dency  for  pressure  to  leuk  into  narrow  splits  between  sabot  petal  . 

forcing  them  apart. 

It  has  bean  realised  for  many  years  that  a long  raroP“$*‘* 
sabot  configuration  might  enable  subprojectiles  to  be  launched  without 
driving  grooves.  The  high  compressive  radial  stress  at  the  sab  / 

, i under  a roar  taper*  in  combination  with  a 

could  ill*,  the  «tir.  ih..r 

. j transferred  from  the  sabot  by  friction  alone  O)* 

«nt  atudv  has  attempted  to  determine  the  minimum  weight 

(e!g.,  a rigid  subprojectile)  make  the  practical  application  of 
this  work  doubtful. 

The  methodology  of  calculating  the  shape  of  a long  rear  taper 
for  a cylindrical  penetrate r Is  based  on  elementary 
analysis,  combined  with  well  known  solutions  ot  closely ' 
n rob lams  The  basic  procedure  was  developed  by  Dr.  B i ... 

,f  BRL  during  the  60mm  AAAC  Technology  Program.  The  taper  profiles 
S.ll~d to provide  . outrun,  .her  cuofor  ul»»  «•  lct.rf.ee 
at  the  maximum  chamber  pressure  condition. 

The  external  base  pressure  and  the  projectile  acceleration 

«T  b.  f™.d  from  “Srutor 

orihe'.nbo”  dotcrulnod  fro.  the  u,..u|.p..rLcd  length 
“j  ?!  ,5.ht  of  fln«  or  ..... econo.  ...d  the  ..■™lor„  U.c  oh. 

derivation,  to  folio.,  a .ob.o.ih.  - oil.  rote.:  to  the  ...hot  «.d 
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subscript  p will  refer  to  the  penetrutor  or  subprojeetlle. 

The  free  bodies  shown  in  Figure  1 are  formed  from  the  projectile 
by  plenee  perpendicular  to  the  axis.  The  segment  Is  thin  enough  that 
the  outer  contour  may  be  replaced  by  a Btraight  line,  forming  a trun- 
cated conical  segment.  Squares  and  higher  powers  of  A Z will  be  Ignored 
compared  to  one.  In  addition,  the  slope  of  the  contour  will  be  assumed 
to  be  small.  It  is  further  assumed  that  the  axial  stress  in  each 
component  is  constant  over  the  cross  section,  or,  alternately  that 
only  average  axial  stresses  are  considered.  The  shear  r is  to  be 
constant  in  the  axial  coordinate  and  may  be  assigned  any  desired 
value.  The  object  is  to  determine  R(Z) , the  shape  of  the  contour, 
which  will  accomplish  this. 


Bumming  the  forces  defined  in  Figure  la  acting  on  the  aabot 
in  the  axial  direction,  with  conaideration  of  the  mentioned  aeaump- 
tions,  gives 


(1) 


<Po  + 


°Zs) 


+ 

dZ 


do,. 


(~ 


Zs 


dZ 


2\R 

P 


where  the  unknown  is 

$ ■ R*  - R ^ i 4*  *“  d>0  ut  Z — 0. 

To  be  able  to  solve  this  relation  for  the  axiul  sabot  atress  must 
be  known. 


Along  the  interface  between  sabot  and  punetrator,  the  axial 
displacement  is  the  same  in  both  components  (no  slip  condition). 
Hence  the  axial  strain  la  equal  across  the  Interface.  Utilising 
Hooke's  Law  for  elastic  materials,  the  sabot  axiul  stress  may  be 
found  as 
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Summing  foi ces  acting  on  the  penetrator,  as  shown  In 
Figure  lb  gives,  aLter  integrating 

(3)  o - (P  Z - £->  Z + oo 
P 

It  remains  to  determine  (o  + n ) for  the  sabot  and  penetrator 
in  terms  of  the  known  pressure  and  material  properties.  For  the 
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configuration  under  conslderat Ion,  this  would  be  a very  difficult  prob- 
lem. The  difficulty  may  be  eliminated  by  appealing  to  the  amallnaas 
of  the  taper  ratio  and  the  principle  of  superposition  of  atreeeea  in 
order  to  consider  only  stresses  in  the  r - i)  plane.  Then  the  stress 
state  may  be  approximated  by  the  UtmA  solution  for  elastic  circular 
cylindrical  bodies  of  dissimilar  materials  acted  on  by  external  pressure. 
The  pressure  at  the  Interface  in  the  LamA  solution  is  determined  by 
matching  the  radial  displacements  there  aa 

P.  « 2R2P  l(R2  + R 2)  + v (R2  - R '■)  + (1  - v )(R2  - R 2)  f1 

.1  o p a p V,  p p 

If  this  relation  weru  used  in  the  differential  equation  for  R,  the 
result  would  be  u highly  nonlinear  expression  due  to  the  appearance  of 
R^  in  the  coefficients.  To  sidestep  this  difficulty,  the  llmlta  of 
Pj  as  R approaches  both  Rp  and  large  possible  values  are  determined, 
and  the  numerical  uveragc  uaed  uh  the  constant  value  of  Pj  for  all 
values  of  R.  This  is 

K K , 

14)  21*  - 13  + v + ,,,-8  (l  - v ) I Pu  tl  + v((  fh  (1  - v )|“ 

p V 

It  equations  (2),  (3)  and  the  LumA  solution  for  (o  + u ),  using 
equation  (4)  for  interface  pressure  are  substituted  into  the  differ- 
ential equation  (1),  the  solution  may  bo  found  by'  Integration  as 
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Up  to  the  present  the  derivation  has  implicitly  considered  the 
rear  taper.  However,  the  same  analysis  applies  to  the  forward  taper. 
Since  there  is  no  propellant  gas  operating,  the  pressures  are  itro, 

In  using  the  formula  for  ramp  profile,  the  taper  begins  at  the  origin 
of  the  Z axis.  Thus  the  slope  of  both  front  und  rear  tapers  is  positive. 
Care  must  be  exercised  with  the  sign  of  other  quantities;  however, 
especially  the  shear  and  acceleration,  depending  on  the  configuration 
under  investigation. 

The  taper  profile  calculated  from  the  formula  Is  non.lin*o  . 
Within  the  accuracy  of  the  analysis  and  when  only  the  lower  portion 
of  the  ramp  is  to  be  used  in  a compound  taper,  the  actual  R curve 
may  often  b-a  replaced  by  a linear  interpolation  for  ease  of  machining. 

The  formula  as  derived  could  certainly  be  improved.  Ignoring 
the  axial  stresses  while  applying  the  Lamd  solution  is  inconsistent 
at  least.  Axisymmetric  stress  solutions  exist  which  improve  the  esti- 
mate of  a being  constant  over  the  penetrator  cross-section.  Use  of 
axial  stress  values  corrected  for  nonuniformity  at  the  interface 
improve  the  taper  predictions.  However,  it  would  be  inappropriate 
to  develop  the  approximate  analysis  too  fur.  Its  purpose  is  to  give 
an  initial  estimate  of  a tuper  profile  which  permits  uniform  shear 
transfer  at  the  sabot/penetrator  interface.  The  predictions  of  the 
formula  Bhould  be  checked  und  improved  if  necessary  by  uBe  of  an 
axisymmetric,  elastic,  finite  element  code.  Only  by  this  procedure 
may  the  approximate  analysis  be  justified. 

The  concept  of  the  double-ramp  as  opposed  to  the  more  con- 
ventional sabot  configuration  may  be  illustrated  by  finite  element 
analysis  of  two  examples.  In  Figure  2 1b  seen  a saddle-back  sabot, 
with  tbs'  pressure  acting  on  the  rear  face  of  the  sabot.  To  illustrate 
the  shear  load  transfer  qualltites,  no  acceleration  will  be  imposed 
on,-this  example.  The  parameters  used  in  the  calculations  are  shown 
in  Table  I. 


A dot  1b  used  in  Figure  2 to  locate  each  element  of  the  sabot 
that  has  a tensile  hoop  stress.  A segmented  sabot  cannot  support  hoop 
tension,  so  the  seams  must  open  in  these  regions.  The  areas  of  hoop 
tension  form  a path  completely  through  the  sabot,  which  would  open 
to  gas  flow.  AIbo  shown  Is  the  shear  stress  variation  at  the  inter- 
face. The  result  is  very  nommiform,  with  a peak  of  nearly  344,75 
MPa  at  the  ends,  falling  to  low  values  In  the  center.  This  type  of 
variation  is  conducive  to  domino  failures,  with  shear  grooves  fail- 
ing sequentially  along  the  interface. 
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figure  2.  Conventional  Saddle-Back  Sabot  Configuration 
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Table  1.  Properties  of  Sabot  and  Penetrator 


E - 275,800  MPn 
P 

E - 68,950  MPa 

a ’ 

Z - 0 

P - 172.38  MPa 

o 

o - 689.5  MPa 


V - V - .3 

P a 

- .0254  m 

fL.  - .0762  m 

sore 

Length 

of 

Sabot  ■ .254  m 


The  same  material  and  loading  parameters  were  uBed  to  calculate 
the  stresses  in  a double- ramp  sabot,  shown  in  Figure  3.  The  desired 
shear  stress  at  the  interface  wub  68.95  MPa.  Only  two  elements  near 
the  forward  taper  had  hoop  tension.  The  shear  stress  at  the  interface 
is  relatively  uniform,  differing  by  less  then  20.69  MPa  from  the  pro- 
jected value. 

Both  numerical  examples  were  calculated  with  the  SAAS  II 
axlsymmetric,  elastic  finite  element  code.  They  clearly  present  the 
advantages  to  be  expected  from  a double-ramp  sabot  configuration  with 
respect  to  self-sealing  of  gas  pressure  and  uniform  transfer  of  load 
from  sabot  to  subproj ect ilo. 

In-Bore  Rigid  Body  Dynamics.  The  lack  of  in-bore  stability 
of  a projectile  has  important  consequences  for  Its  overall  perfor- 
mance. It  has  been  realized  for  at  least  100  years  that  locating 
the  rotating  bund  at  the  projectile  center  of  gravity  improves  in- 
bore stability  (3).  Reasons  for  this  conclusion  may  be  demonstrated 
using  rigid  body  dynamics.  Figure  4 is  a conceptual  diagram  of  a 
conventional  projectile  during  its  in-bore  travel.  It  is  assumed 
that  the  rotating  band  acts  as  a centering  device  and  that,  therefore, 
transverse  yawing  motion  must  be  about,  an  axis  through  the  band.  The 
center  of  gravity  is  located  at  u distance  L ahead  of  the  pivot  axis. 
Clearances  and  eccentricities  of  parts  cause  the  axis  of  the  pro- 
jectile to  deviate  from  the.  centerline  of  the  tube  during  in-bore 
travel  and  move  the  center  of  gravity  away  from  the  axis  of  the  tube. 
The  Betback  force,  due  to  the  acceleration  of  the  projectile,  will 
be  a vector  parallel  to  the  gun  axis,  which  will  create  an  over- 
turning moment  M about  the  pivot.  If  the  gun  tube  Is  rifled,  the 
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centrifugal  force  due  to  the  spin  of  the  eccentric  projectile  will  also 
produce  a moment.  The  magnitude  of  the  totul  moment  la 

Hj.  - MZuL  + M0'’aL2 


and  it  is  unstable  in  the  sense  that  any  yaw  angle,  no  matter  how  small, 
generates  a moment  which  operates  to  increase  yaw.  This  unstable 
growth  of  yaw  angle  increases  until  the  front  bourrelet  Impacts  the 
tube  wall,  after  which  the  projectile  will  travel  the  remaining  distance 
cocked  at  the  maximum  possible  yaw  attitude.  The  overturning  moment 
is  countered  by  the  moment  produced  about  the  pivot  by  the  force  F 
applied  to  the  forward  bourrelet.  This  force  is  reduced  by  the  adap- 
tion of  a longer  wheelbase  or  distance  to  the  front  bore  rider.  Even 
so,  this  transverse  force  may  be  substantial.  The  structure  support- 
ing the  front  bore  rider  must  suffer  the  weight  penalty  necessary  to 
adequately  resist  the  load. 

As  the  length  L approaches  zero,  the  configuration  of  a 
centered  rotating  bund  appears.  For  this  case,  any  small  disturb- 
ance will  not  result  in  the  unstable  growth  of  yaw,  because  the  moment 
arm  la  *ero.  This  situation  would  normal ly  be  called  neutrally 
stable,  since  as  presented,  there  Is  no  moment  which  would  tend  to 
eliminate  an  initial  yaw.  However,  in  a much  more  detailed  dynamic 
analysis  performed  by  L.  H.  Thomas  (4),  It  was  shown  that,  for  the 
case  t.  ■ 0,  the  gyroscopic  moments  due  to  spin  would  act  to  realign 
the  projectile  and  tube  axes. 

To  ensure  that  the  rotating  band  was  centered  over  the  position 
of  the  c.g.  , use  was  made  of  two  computer  codes  for  calculating  the 
rigid  body  properties  of  objects.  Thu  first  Is  a locally  derived 
code  which  finds  the  properties  (weight,  c.g.,  momenta  of  Inertia) 
of  axisymmetr ic  shapes  or  segments  by  numerical  Integration.  The 
second  code,  known  as  MOMENTS  II  (b),  can  combine  several  basic 
shapes  or  defined  shapes  (such  as  are  determined  from  the  flrBt  code) 
into  a total  body.  As  any  design  changes  affecting  the  taper  angles, 
fin  weight,  etc.  are  made,  the  rotating  band  may  be  relocated  over 
the  center  of  gravity  in  an  iterative  manner.  In  this  way  the  in- 
bore stability  of  the  projectile  Is  maintained. 

Other  Details.  There  is  a multitude  of  other  details  that 
must  be  considered  by  the  designer  which  will  only  he  alluded  to  In 
this  section,  Since  the  double-ramp  sabot  is  a centered  configura- 
tion, the  length  of  punetrator  extending  fore  anil  alt  oT  the  sabot 
must  be  determined.  When  Che  penetrator  length  Is  known,  this  calcu- 
lation also  determines  the  minimum  sabot  length. 
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In  order  to  determine  the  ul Lovable  stress  Level  in  a struc- 
tural component  in  a trlaxlul  state  of  stress,  the  effective  or  equiva- 
lent stress  of  plasticity  theory  Is  used.  It  is  well  known  that  this 
parameter  correlates  with  plastic  yield  much  better  titan  muxitnum  normal 
stress.  The  effective  stress  level  In  the  free  fore  and  uft  length  of 
the  rod  depends  only  on  the  acceleration  forces  acting  on  the  aubpro- 
Jecttle,  since  a uniform  hydrostatic  pressure  has  no  effect  on  effective 
stress  level.  The  unsupported  lengths  are  chosen  to  give  the  desired 
stress  immediately  aft  and  forward  of  the  sabot. 

The  above  value  of  unsupported  length  must  be  checked  for 
stability  problems.  One  such  chock  Is  for  column  buckling.  Expres- 
sions for  determining  the  critical  length  of  a fixed-free  column  in  a 
uniform  acceleration  field  may  be  found  in  many  handbooks.  Likewise, 
the  problem  of  the  whirling  of  a shaft  with  an  end  mass  (such  aa  fins) 
will  have  some  critical  length  which  must  not  be  exceeded  for  each 
value  of  projectile  spin  allowed. 

Under  the  rear  taper  the  ratio  of  interface  radial  stress  to 
shear  stress  can  be  made  nearly  constant  and  less  than  some  maximum 
allowable  value  of  friction  coefficient.  In  this  area,  no  grooves  or 
other  load  transfer  devices  are  necessary  (1).  In  the  other  portions 
of  the  sabot /ponetrator  Interface,  the  resultant  shear  load  must  be 
carried  by  threads  or  grooves.  The  number  ol  grooves  per  inch  is 
determined  by  equating  the  product  ot  allowable  bearing  stress  and 
bearing  area  witli  the  shear  force  per  Inch  of  Interface  to  be  trans- 
mitted. To  obtain  the  highest  possible  groove  strength  In  the  dis- 
similar sabot  and  penetrator  materials,  equal  shear  area  grooves  should 
not  bu  used.  The  areas  ot  the  root  ol  a tooth  In  the  sabot  and  rod  is 
ratioed  Inversely  to  the  ultimate  strengths  ot  the  two  materials  so 
that  both  components  may  earrv  the  same  load. 

After  the  Initial  design  calculations  have  been  performed,  the 
candidate  dusign  and  all  tuither  Iterations  should  be  thoroughly  Inves- 
tigated with  a reliable  stress  analysis  cede.  Ideally  a fully  three- 
dimensional  dynamic  analysis  simulating  the  Interior  ballistic 
process  should  be  performed.  We  have  settled  lor  an  ax Isymroeti  ic , 
quasi-static  analysts  at  peak  pressure  and  acee lerat  Ion. 

One  of  the  primary  results  ot  an  ana  I vs  Is  as  described  Is  a 
map  of  effective  stress  In  the  projectile.  In  the  ATTi!  1 program,  this 
effective  stress  was  required  to  be  below  the  plasi le  vtuld  stress  ot 
the  respective  material  . It  mav  be  appre.e  luted  that  this  1h  ati  ovet  ly 
conservative  requirement.,  since  plastic  l low  does  not  ot  itselt  mean 
failure  in  a single  use  component . The  adaption  el  a more  sophisticated 
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failure  criteria  would  be  a very  fruitful  modification  of  the  current 
design  procedure. 

Teat  Results  and  Discussion.  Two  separate  models  of  the  BRL 
double-ramp  subot  were  designed  aa  part  of  the  ATTUI  program.  A high- 
preaaure  version  capable  of  operating  at  maximum  chamber  pressures  of 
730. H7  HPu  was  initially  tested,  but  not  pursued,  A low-pressure  version 
operating  at  standard  105mm  tank  gun  pressures  was  also  designed  and 
tested  more  extensively. 

A sketch  of  the  low-pressure  BRL  double-ramp  projectile  is 
shown  In  Figure  5.  It  has  been  successfully  fired  during  high  tempera- 
ture tests  to  a peak  chamber  pressure  of  572.29  MPa.  Three  of  the  early 
versions  of  this  projectile  suffered  rotating  band  failures,  which  ars 
believed  to  have  been  caused  by  excessive  interference  due  to  tolerance 
buildup.  Even  though  the  sabots  suffered  severe  gas  wash  due  to  loss  of 
the  bund,  there  was  no  gas  leakage  between  sabot  petals  or  at  the  sebot/ 
penetrafcor  Interface.  No  rotating  band  failures  have  occurred  since 
this  bund  was  redimensloned  (28  rounds  fired). 

Included  within  the  ATTO l program  wan  the  development  of  an 
udvanced  conventional  saddle-back  sabot.  Effectively  the  same  subpro- 
ject lie  was  used  in  both  this  sabot  and  the  BRL  doubie-ramp,  so  com- 
parisons of  performance  are  easily  made.  For  the  full  in-bore  105mm 
projectile,  the  BRL  double-ramp  weighed  slightly  over  .4536  Kg  less 
than  the  conventional  subot.  This  translates  into  a murzle  velocity 
increase  of  57.3  m/s  for  the  subprojectile.  The  Initial  yaw  of  the 
free  flight  subprojectile  was  measured  from  yaw  cords  approximately 
40  nt  from  the  muxzle.  These  measurements  showed  nearly  the  same 
averuge  value  of  yaw  for  the  BR1.  double-ramp  and  the  conventional 
saddle-back  sabot.  Likewise,  the  target  dispersion  at  1,000  meters, 
based  on  very  small  samples,  was  essentially  equal. 

it  hud  been  anticipated  that  the  centered  rotating  band  of  the 
BRL  double-ramp  sabot  would  result.  In  substantial  reductions  in  initial 
yaw  and,  consequently,  target  dispersion,  over  the  conventional  con- 
figuration. Instead  the  values  of  these  parameters  are  nearly  equal 
for  the  two  sabots.  Development  of  the  double- ramp,  by  the  lengthen- 
ing of  the  wheelbase  and/or  the  use  of  lull  projectile  spin,  will  con- 
tinue in  thu  future  and  should  reveal  the  advantages  In  reduced  yaw 
und  target  dispersion  of  which  the  stable  ln-l>oro  configuration  is 
capable . 

The  BRL  double- ramp  configuration  has  been  demonstrated  to  be 
u very  effective  sabot  for  launching  kinetic  energy  penetrators.  How- 
ever, the  concepts  involved  are  applicable  whenever  It  is  desired  to 
obtain  higher  velocity  or  Increased  range  by  use  ol  a sabot. 
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